INTRODUCTION
The diagnosis of chronic lymphocytic leukemia (CLL) is straightforward and outlined in detail in the International Workshop on CLL (iwCLL) guidelines. 1 The diagnosis of CLL now requires a circulating B-cell count of at least 5,000 B cells/L, although 5% of patients will present with clinical features of small lymphocytic lymphoma without the leukemic component. The presence of cells with the immunophenotype of CLL cells but with fewer than 5,000 B cells/L and the absence of lymphadenopathy is now defined as monoclonal B lymphocytosis. 2 It is currently unclear what proportion of patients with monoclonal B lymphocytosis will progress to CLL. Once diagnosed, the clinical course of CLL is extremely heterogeneous. Some patients will live for decades and never require treatment, while others require immediate treatment. 3 A major focus of research has been to try to identify those clinical and biologic factors that influence the clinical course of CLL to help determine whether patients will have indolent disease or rapid progression and which patients will respond best to which treatment.
PROGNOSTIC FACTORS IN CLL AND THEIR CLINICAL RELEVANCE
Clinical staging remains an important prognostic marker; this and other markers of disease such as ␤ 2 -microglobulin can be incorporated into nomograms to assess risk of progression. 4 The molecular profile of CLL provides insight into disease pathogenesis and provides useful information on time to progression, need for therapy, and overall survival (OS). A molecular profile can be built from assessment of the large number of biomarkers that have beenidentified,themostimportantbeingcytogenetic analysis by fluorescent in situ hybridization (FISH), mutational status of the immunoglobulin heavy-chain variable gene (IgV H ), use of IgV H , and expression of 70-kDa zeta-associated protein (ZAP70) and CD38.
One or more chromosome abnormalities can be found in more than 80% of CLL patients by using FISH, including del13q, del11q, trisomy 12, del17p, and del6q. 5, 6 The most common abnormality del13q.14 occurs in Ͼ 50% of patients, and isolated del13q is associated with a good prognosis. Two microRNA clusters, mir-15a and mir-16-1, are located within the deleted region at 13q14.
7 Del11q and trisomy 12 are each found in approximately 20% of patients. Although Ͻ 10% of patients have del17p at diagnosis, this abnormality is associated with more rapid progression of disease, poor response to therapy, and short survival time. Cytogenetic changes that occur in CLL can evolve over time, and it is important to reassess these markers at subsequent time points.
Fifty percent of CLL patients have undergone somatic hypermutation in IgV H , and these patients have a more indolent clinical course and longer survival than those without somatic hypermutation. ; altered microRNA expression appears to regulate expression of genes controlling apoptosis and cell cycle progression. 19 Although there is a relationship between CD38 and IgV H mutation status, 9 this is not absolute, and CD38 expression may vary over time. 20, 21 High-risk features predictive of disease progression include del17p and del11q, IgV H unmutated status, use of the IGHV3-21 gene segment, and expression of either ZAP70 or CD38. It remains challenging to understand how these biomarkers can be used in clinical practice and whether we should alter treatment on the basis of the detection of high-risk features. Assessment of the impact of these biomarkers remains a vital component of research studies. With improvement in therapy, since some groups respond better to newer treatment combinations, the prognostic significance of some of these parameters will change.
TREATMENT OF CLL
Unlike with other leukemias, once a diagnosis of CLL is made, treatment may not necessarily be initiated; previous trials 22 have examined whether there is any benefit to early or immediate therapy, and a meta-analysis of these studies showed that there was no statistically significant difference in survival between those patients who were treated early versus those in whom therapy was deferred until there was a clinical indication for treatment. However, these trials enrolled patients from all risk groups and were performed by using alkylating agents. Several ongoing studies are re-evaluating this question by using a risk-adjusted strategy, so that only those with high-risk disease are randomly assigned to receive treatment with more modern regimens of chemoimmunotherapy (Fig 1) . The use of prognostic factors allows this high-risk group to be readily identified. Although it is tempting to believe that these high-risk patients should be treated earlier in their disease course, there is as yet no evidence that these patients will definitely benefit from earlier treatment. Until data from the randomized trials are available, asymptomatic patients should not be offered treatment on the basis of any molecular marker before the standard criteria for treatment are reached (ie, patients with active disease, including symptomatic disease, bulky lymphadenopathy and/or splenomegaly, local compressive disease, marrow compromise, or rapid disease progression).
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Our approach to the treatment of CLL patients is shown in Figure  2 . The results of clinical trials in previously untreated CLL have demonstrated major advances over the last decade as shown in Table 1 . In a comparison of single agents, fludarabine was shown to be significantly more effective than chlorambucil as initial treatment for patients with symptomatic CLL. 23 Fludarabine produced higher complete response (CR) and overall response rates (ORRs) as well as 33 showed a significant improvement in OS in those patients who were initially treated with fludarabine compared with those who were treated with chlorambucil.
In an attempt to increase the activity of the best single agent, fludarabine has been combined with several different agents, and the most promising combination was that of fludarabine and cyclophosphamide (FC). 34 Three randomized trials 26-28 have compared fludarabine to FC as first-line therapy; all have shown significantly greater CR and ORR and longer PFS with FC. The best outcomes have been reported with chemoimmunotherapy, the most active combination described thus far being the three-drug regimen of fludarabine, cyclophosphamide, and rituximab (FCR). Phase II clinical studies at the MD Anderson Cancer Center evaluated FCR in previously untreated patients 30,35 as well as in treated patients. 36 In a series of 300 previously untreated patients, the ORR was 95%, with 72% achieving CR, 7% CR without recovery, 10% nodular partial response, and 6% partial response. 30 At a median follow-up of 6 years, OS was 77% and PFS was 51%. The German CLL Study Group (GCLLSG) CLL8 randomized clinical trial 32 demonstrated a significant improvement in response rates, duration of response, and OS with FCR compared with FC. The use of FCR was also associated with a higher percentage of patients having eradication of minimal residual disease (MRD); eradication of MRD was associated with longer duration of response. The combination of fludarabine and rituximab (FR) produced a 43% CR rate and a median PFS of 41 months. 31 In comparison with historical controls, FR was associated with improved outcome compared with fludarabine alone. 37 Regimens such as FR or pentostatin, cyclophosphamide, and rituximab (PCR) may have less hematologic toxicity than FCR, but no studies have reported outcome with FCR compared with either PCR or FR. The current US Intergroup trial will randomly assign patients requiring treatment to one of three arms: FR, FCR, or FR followed by lenalidomide. FISH is performed at entry, and patients found to have an 11q deletion are reassigned to therapy with FCR followed by lenalidomide (on the basis of accumulating evidence that the alkylating agent is particularly important for improving outcome in that subset).
Bendamustine is a potent alkylating agent developed in East Germany more than 30 years ago and recently approved for use in CLL in the United States in 2008. This agent has some structural similarity to purine analogs, but preclinical data do not clearly show purine analog-based activity. 38 The drug was approved by the US Food and Drug Administration on the basis of a randomized trial of bendamustine compared with chlorambucil in previously untreated patients with CLL. The CR rate with bendamustine was 29% and the ORR was 68%, both of which were higher than those seen with chlorambucil (CR rate, 4% and ORR, 39%). The median PFS with bendamustine was 21 months, significantly longer than the 9 months seen with chlorambucil. 29 Recent data from the GCLLSG suggest that bendamustine in combination with rituximab (BR) produces higher response rates than those seen with bendamustine alone. 39 This combination produced a CR rate of 33% and an ORR of 89%. Although CR rates appear somewhat inferior in this phase II trial compared with those seen with FCR, ORRs appear comparable, and an ongoing first-line randomized trial is comparing the combination of BR to FCR.
The anti-CD52 monoclonal antibody, alemtuzumab, is now approved for use in previously untreated CLL, having been approved initially for fludarabine-refractory patients. A phase III randomized study was performed in 297 patients with previously untreated progressive CLL; alemtuzumab was compared with chlorambucil. 25 That study demonstrated significantly superior response rates as well as longer PFS for alemtuzumab compared with chlorambucil (ORR, 83% v 56%; P Ͻ .001 and CR rate 24% v 2%; P Ͻ .001). Alemtuzumab alone or in combination is a reasonable option for patients with del17p or p53 mutations, since this agent has been shown to have efficacy in this patient population.
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There is no established role for maintenance therapy in CLL. Alemtuzumab has been assessed in this setting with some intriguing results, 41 but enthusiasm has been tempered by the high toxicity observed. Ongoing clinical trials are examining maintenance therapy with alternative schedules of alemtuzumab, rituximab, or lenalidomide.
TREATMENT OF RELAPSED DISEASE
Notwithstanding the improved results with first-line therapy, the disease remains incurable, and patients with CLL are destined to relapse after primary treatment. The management of relapsed CLL patients is then dependent on several factors, including age, performance status, previous therapy, response and duration of response to therapy, and time from last therapy. The prior therapy administered and the response and duration of response to that therapy are among the most important factors in determining the next therapy. The goal of therapy, whether palliative or aggressive, must also be factored into the decision when deciding on the next line of treatment. With many potential treatments available, the sequence of treatments and the timing of procedures such as stem-cell transplantation (SCT) remain questions that are being addressed in clinical trials.
For those patients who relapse following previous treatment with alkylating agents, re-treatment with alkylating agents is unlikely to induce CR, and remissions are usually of short duration. In the Intergroup study 23 comparing primary treatment with chlorambucil and fludarabine, at crossover, the ORR to fludarabine was 46% for those patients for whom chlorambucil treatment failed, whereas only 7% of patients for whom fludarabine treatment failed responded to chlorambucil, suggesting little role for alkylating-agent therapy in patients for whom treatment with purine analogs failed. Improved results in salvage were seen with the combined use of FC with the largest series reported from the MD Anderson Cancer Center.
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Modest activity is seen in previously treated CLL when rituximab is administered at standard doses, but at higher doses or at increased frequency, the ORR increased to 40% to 45%, although few patients achieved CR, and those patients had not received rituximab as part of first-line therapy. 42, 43 The highest response in the relapsed setting occurred with the FCR combination. In 177 previously treated patients with CLL, the ORR to FCR was 73%, with 25% achieving CR, irrespective of whether the patients had previously received any of these agents either alone or in combination. Patients who were fludarabine refractory still had ORRs of 58%, but the CR rate decreased to 6%. 36 On multivariate analysis, the pretreatment factors significantly associated with achieving CR were higher platelet count, fewer prior treatments, and lower ␤ 2 -macroglobulin, whereas treatment failure was associated with fludarabine refractoriness and renal impairment. These results have now been confirmed in a multicenter randomized phase III study. The REACH trial 44 randomly assigned 552 patients who had relapsed after one prior treatment to receive six cycles of FCR or six cycles of FC; at a median follow-up time of 25 months, the use of FCR compared with FC significantly improved CR rate, PFS (median,
Alemtuzumab was initially approved for patients with CLL who were fludarabine refractory. In the pivotal study of alemtuzumab in 93 patients with fludarabine refractory CLL, the ORR was 33%; only 2% of patients achieved CR. 45 The median time to progression for responders was 9.5 months, but there was an improvement in survival in responding patients at 32 months, compared with 16 months for all patients. Of note, alemtuzumab appears to have activity in patients who are unresponsive to chemotherapy because of the presence of p53 mutations. 40 This finding was confirmed in a study of 36 patients with fludarabine-refractory CLL treated with alemtuzumab, 15 (42%) of whom had p53 mutations or deletions. 46 Alemtuzumab has less activity against bulky lymphadenopathy but demonstrates impressive efficacy in clearing the peripheral blood and bone marrow compartments of disease. Alemtuzumab has shown benefit when used in combination with fludarabine. 47 New treatments are urgently needed for patients who are fludarabine-and alemtuzumab-refractory or patients with fludarabinerefractory CLL with bulky lymphadenopathy who are not considered suitable for alemtuzumab treatment. Ofatumumab is a humanized monoclonal antibody targeting CD20 but binding to a different epitope than rituximab. This agent was recently approved by the US Food and Drug Administration for use in fludarabineand alemtuzumab-refractory CLL. In that trial of heavily pretreated patients, the ORR was 58% with a median PFS of 6 months. 48 The significant activity of this agent in the refractory population has raised the question of whether combining it with chemotherapy will provide more potent efficacy than current rituximab-and chemotherapy-based regimens. In a small randomized trial of 61 patients, 49 all patients received FC and ofatumumab, with the latter being given at either 500 mg or 1,000 mg; ORRs were comparable, but the CR rate was 50% with 1,000 mg versus 32% with 500 mg. Neutropenia also appeared to be increased with the higher dose, occurring in 60% of patients versus 35% of patients treated with 500 mg. However, none of these comparisons were statistically significant because of the small number of patients. The CR rate with FC and ofatumumab at 1,000 mg is comparable with that achieved with FCR in the German randomized trial; however, follow-up is short and no information is yet available on PFS or survival.
There are several ongoing clinical trials exploring new agents for the treatment of CLL. These include monoclonal antibodies (GA101, lumiliximab, lucatumumab), BH3 mimetics (obatoclax, ABT-263), cyclin-dependent kinase inhibitors (flavopiridol, SNS-032), Lynkinase inhibitors (dasatinib, bafetinib), hypomethylating agents (azacytidine, decitabine), histone deacetylase inhibitors (parobinastat), purine analogs (8-chloroadenosine, forodesine), and small modular immunopharmaceuticals (TRU-016). Molecules inhibiting downstream signaling after B-cell receptor ligation are novel oral agents interacting at different targets including phosphatidylinositol 3-kinase inhibitors (CAL-101), Bruton's tyrosine kinase inhibitors (PCI-32765), and Syk inhibitors (fostamitinib). In addition, agents that have no direct cytotoxicity to CLL cells have also been proven to be effective in this disease, presumably by significant modulation of the microenvironment of the bone marrow (lenalidomide).
IMPACT OF PROGNOSTIC FACTORS ON TREATMENT
Several published studies have examined the impact of prognostic factors in response to therapy. 28, 50, 51 Consistently decreased rates of response to all treatments are seen in patients with del17p. The presence of 11q deletions or unmutated immunoglobulin heavy chain gene does not predict for a lower response rate to FCR but is correlated with shorter PFS in patients achieving CR. 52 Patients with del17p should be treated on clinical trials examining agents that have activity in cells without functional p53 since these patients have a response to chemotherapy combinations that is inferior to that of patients without del17p. This is the one group of patients that can reasonably be considered for allogeneic SCT even in first remission, since remission durations are short and response after relapse is poor.
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ROLE OF SCT
One major challenge remains: deciding which other patients should be considered for allogeneic SCT and when in their disease course SCT should be offered. Because of the older age of most patients with CLL, the choice is usually reduced intensity conditioning allogeneic SCT 54 ; there is no evidence of cure with autologous SCT. 55 The European Bone Marrow Transplant (EBMT) guidelines outline indications for SCT in CLL. 53 Allogeneic SCT is recommended for those with p53 abnormalities and is also recommended for younger patients with CLL who fail to respond to, or relapse within 2 years of first-line chemoimmunotherapy.
IMPACT OF PERFORMANCE STATUS IN SELECTION OF TREATMENT
Among the more than 15,000 people diagnosed with CLL in the United States in 2009, 56 more than two thirds were older than age 65 years at the time of diagnosis. The median age at diagnosis of CLL is 72 years, and the median age at death from CLL is 79 years. Although most patients with CLL are elderly, age alone is not a contraindication for the use of FCR. 57 The limiting factors for its use are impaired renal function, poor performance status, and comorbidities. In the GCLLSG CLL8 trial (FCR v FC), there was no upper age limit, but patients had to meet eligibility criteria including creatinine clearance Ն 70 mL/min and good physical fitness rating of Յ 6 as assessed by the Cumulative Illness Rating Scale (CIRS). There was no difference in adverse effects when comparing patients age Ͻ 70 years or Ͼ 70 years in that trial. Thus FCR can certainly be used in older, fit patients with CLL. In the GCLLSG CLL5 trial 24 in older patients, fludarabine resulted in a significantly higher ORR and CR rate than chlorambucil; there was no difference in PFS or OS. The best treatment for elderly unfit patients or those with complex comorbidities remains to be determined. Ongoing clinical trials are assessing the addition of monoclonal antibodies, including rituximab, ofatumumab or GA101 to chlorambucil compared with chlorambucil alone. Other agents being assessed in clinical trials in this patient population include bendamustine alone and in combination with rituximab, lenalidomide, ABT263, PCI-32765, and CAL-101 with rituximab.
TREATMENT OF CLL COMPLICATIONS
Autoimmune hemolytic anemia (AIHA) and immune thrombocytopenia are common in CLL. 58 There have been no controlled trials of treatment for AIHA in CLL, but corticosteroids remain the treatment of choice. In nonresponders or in those who relapse after withdrawal of steroids, cyclosporine, mycophenolate mofetil, or rituximab 59,60 may be beneficial. Splenectomy is also indicated in refractory patients. AIHA occurred in 10% of patients receiving chemotherapy and occurred more often in patients treated with chlorambucil than with fludarabine, and least frequently in patients receiving the combination of fludarabine and cyclophosphamide. 61 There is no contraindication to the use of FCR in patients with AIHA.
Infections are a major cause of morbidity and mortality in patients with CLL, and hypogammaglobulinemia increases with the duration of disease and may be associated with an increased incidence of bacterial infections. In a randomized cross-over study among patients with severe hypogammaglobulinemia, the incidence and severity of infections was less when patients received intravenous immunoglobulin replacement therapy. 62 The frequency of infections may also increase following treatment. 63 Bacterial infections remain most common, but treated patients are at risk for a wide spectrum of opportunistic infections including Listeria monocytogenes, Pneumocystis carinii, cytomegalovirus, herpes simplex virus, and mycobacteria.
64,65 Long-term follow-up suggests that although purine analogs have an impact on opportunistic infections, infections are more common in patients with an incomplete response to therapy or with progressive disease, suggesting that the disease itself has more impact than the therapy. 66 Opportunistic infections are also seen following treatment with alemtuzumab, 45 particularly in fludarabine refractory patients, but these patients have a high incidence of infections with any therapy, 67 and fewer infections were seen when alemtuzumab was used in previously untreated patients.
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Richter's transformation to high-grade non-Hodgkin's lymphoma occurs in approximately 5% to 10% of patients with CLL.
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The large cells of Richter's syndrome either arise through a transformation of the original CLL clone by the acquisition of new genetic abnormalities or, less frequently, represent a new secondary neoplasm. The clinical outcome of the disease is generally poor with median survival of months from transformation, but prognosis is better when transformation occurs in previously untreated patients. Treatment is with regimens that are effective in high-grade nonHodgkin's lymphoma, and although numerous regimens have been proposed, there is no consensus on the best therapeutic approach for patients with Richter's syndrome.
In conclusion, chemoimmunotherapy has had a dramatic impact on the outcome of patients with CLL, has improved CR rates, eradicates MRD, and has resulted in improved survival. Remissions with first-line therapy last for years, and data are now emerging that more effective first-line regimens are associated with improved OS in CLL. Studies are also assessing whether specific treatments are indicated for groups of patients with specific cytogenetic abnormalities. However, not all patients can tolerate aggressive chemoimmunotherapy regimens, and patients continue to relapse, so new drugs are needed to effect cure in these patient populations. The encouraging array of ongoing clinical trials and investigational drugs, many of which have novel mechanisms of action, engender great optimism that cure of CLL may be accomplished within the next 20 years. 
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